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Abstract
The bladder urothelium plays an important role of barrier function to prevent influx of 
urinary toxic substance and bacteria. When there is insult to the urinary bladder, the 
urothelium will start to regenerate on injury. However, several factors might affect the 
regenerative function of bladder urothelium, including aging, chronic inflammation, 
and system diseases such as diabetes and chronic kidney diseases  (CKDs). Impairment 
of bladder mucosal regenerative function might result in defective urothelial cell 
differentiation as well as barrier function, which might be the underlying pathophysiology 
of interstitial cystitis/bladder pain syndrome  (IC/BPS) and recurrent bacterial cystitis. Our 
previous immunohistochemistry  (IHC) study and electron microscopic study revealed that 
the loss of normal umbrella cells and defective junction proteins in IC/BPS and recurrent 
cystitis. Platelet‑rich plasma  (PRP) has been previously used in many medical aspects as 
regenerative medicine therapy. PRP is rich in many growth factors and cytokines which 
modulate the process of inflammation and regeneration in the wound healing process. 
Recent pilot studies have shown that intravesical PRP injections improve IC symptoms 
and yield a success rate of 70% at 3  months after treatment. The results highly suggest 
that PRP injection could improve urothelial regenerative function and reduce chronic 
inflammation in IC patients. This article reviews recently published researches on the 
urothelial dysfunction biomarkers, urothelial cell differentiation, and urinary regenerative 
and inflammatory proteins in patients with IC/BPS or recurrent bacterial cystitis. The 
pathophysiology of the insufficient urothelial regeneration and differentiation; and chronic 
inflammation may induce urothelial dysfunction and further affect the regenerative ability 
of the diseased bladder urothelium in IC/BPS and recurrent bacterial cystitis are discussed.
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and toxins into the urothelium  [6]. The superficial umbrella 
cells also contribute to the widely variable distension of the 
bladder mucosal surface through the endocytosis and exocyto-
sis of fusiform vesicles underneath the cell membrane  [7]. In 
normal condition, the bladder urothelium will regenerate within 
24 h on insult and complete the urothelial repair within 72 h [5]. 
The rapid regenerative process enables the injured urothelium 
to prevent the influx of urinary solutes such as potassium and 
hydrogen ion into the suburothelium and evoke neurogenic 
inflammation and pain.

Physiology and pathophysiology of 
bladder urothelium

The urinary bladder is an organ of storage of urine and peri-
odic emptying with time. As the bladder is not a vital organ, 

the bladder urothelium is essentially quiescent. It is estimated 
that the turnover rate of the human bladder urothelium is as low 
as 0.12% [1]. When there is insult to the urinary bladder such as 
toxin, chemical, surgical trauma, or bacterial infection, the uro-
thelium will regenerate readily on injury  [2‑4]. The processes 
of the bladder urothelial regeneration are initiated from the pro-
liferation of progenitor cells in the basal or intermediate layers, 
and differentiate to the mature apical umbrella cells. The hex-
agonal umbrella cells connect each other through tight junction 
proteins, including claudin and zonula occludens‑1  (ZO‑1)  [5]. 
The apical urothelial cells secret glycoproteins such as uropla-
kin  (Upk) proteins that restrict permeability of water, solutes, 
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In human bladder urothelium, the apical umbrella cells, 
intermediate cells, and basal cells can be distinguished by 
molecular markers. The mature apical cells express low‑molec-
ular‑weight cytokeratin 20  (Krt20) and several Upk but not 
the high‑molecular‑weight cytokeratin Krt5, transcription 
factor p63, and signaling molecular Sonic Hedgehog  (Shh). 
Intermediate cells express p63, Shh, and Upk, but no Krt5, Krt 
14, or Krt20. Basal cells express Krt5, Shh, and p63, but not 
Upk or Krt20  [4,8]. Heterogeneity of urothelial cells was also 
noted that around 14% Krt5‑positive basal cells also express 
Krt14, which are considered as important progenitor cells in 
urothelial regeneration. These combinations of urothelial spe-
cific markers can be used to differentiate the maturation of 
urothelial regeneration in different bladder disorders [9].

Previous researches on chronic 
interstitial cystitis – defective urothelial 
proliferation due to inflammation and 
antiproliferative factor

The pathophysiology of interstitial cystitis/bladder pain syn-
drome (IC/BPS) has not been well elucidated; denudation of the 
bladder urothelium has been widely accepted as the common 
histopathological change of IC/BPS bladders  [10]. Increased 
number of urothelial cell apoptosis and decrease of cell prolif-
eration have been found, which suggest altered homeostasis of 
IC/BPS bladder urothelium  [11,12]. Abnormally, low expres-
sion of the tight junction and barrier proteins, such as ZO‑1, 
Upk, and chondroitin, has also been found in IC/BPS blad-
ders [13‑15]. Increased antiproliferative factor (APF) and lower 
expression of interleukin‑8 have been found in IC/BPS blad-
ders, which might contribute to the pathophysiology of IC/
BPS [16‑19]. Altered regeneration and differentiation of urothe-
lium might result in the increase of permeability and decrease 
of the barrier function of IC/BPS bladder [20]. The increase of 
urothelial permeability could result in a leaky urothelium and 
cause bladder irritative symptoms in patients with IC/BPS and 
other bladder dysfunction [21].

It has been proposed that chronic suburothelial inflam-
mation might be the main cause of urothelial dysfunction in 
patients with IC/BPS. The inflammation involves the infil-
tration of several inflammatory cells such as macrophages, 
eosinophils, and mast cells in IC/BPS urothelium. The eosin-
ophils involved in IC/BPS pathogenesis is also supported by 
the increase of urinary eosinophil cationic protein in the urine 
cytology  [22,23]. There is also substantive evidence that mito-
chondria, which are the major cellular organelle responsible for 
energy provision to all cells, can increase production of reactive 
oxygen species and are actively involved in the inflamma-
tory signaling and cell apoptosis. In the IC/BPS patients with 
ESSIC type  3C clinical characteristics, an increase of expres-
sion of B‑cell and T‑cell biomarkers, decrease of expression of 
urothelial cell markers, focal lymphoid aggregation in the sub-
urothelium, and higher immunoglobulin concentration in urine 
have been found  [24]. Chronic inflammation of suburothelium 
might alter normal urothelial basal cell proliferation and affect 
barrier function of the apical urothelium. The apoptotic signal-
ing molecules, including Bax, cleaved caspase‑3, and Bad have 

been found to increase in IC/BPS bladders  [25]. Abnormal 
cell differentiation in the IC/BPS bladder urothelium had also 
been noted with impaired E‑cadherin expression and altered 
cellular differentiation markers  [26]. Previous studies also 
showed decrease of E‑cadherin expression is associated with 
recurrent bacterial cystitis and IC/BPS in women  [27‑29]. Put 
together, the pathophysiology of IC/BPS urothelium is likely 
to initiate with chronic inflammation, followed by an aberrant 
differentiation program that results in the deficient synthesis of 
proteoglycans, tight junction proteins, cell adhesive proteins, 
and bacterial defense molecules such as GP51 [30‑32].

Impairment of regenerative ability might 
underlie the pathophysiology of patients 
with bladder dysfunction

The role of bladder urothelium is a barrier to prevent inju-
rious stimuli, toxins, or microorganism from invasion into the 
stroma and upper urinary tract [33]. Histopathological evidence 
has shown that bladder urothelium was absent or defective 
in patients with IC/BPS and recurrent urinary tract infec-
tion  (UTI)  [34]. In these diseased bladders, the mature apical 
umbrella cells were largely replaced by the immature interme-
diate cells which lack tight cell junction and adhesive proteins. 
Investigations have demonstrated that altered proliferative 
ability due to a slower rate of proliferation of the cultured uro-
thelial cells from IC/BPS bladder mucosa  [35,36]. Abnormal 
increase of the APF production was believed to inhibit human 
urothelial cell proliferation in these diseased bladders [35].

The epithelium integrity in the urinary bladder is regu-
lated by the proliferation and differentiation of the stem cells 
and progenitor cells. Although the urothelial cells in the 
bladder mucosa undergo little or no cell division, injury with 
chemicals, toxins, or bacterial infection induces rapid prolifera-
tion  [4]. The basal cells of the urothelium include stem cells 
which can be marked by expression of the secreted protein 
Sonic Hedgehog  (Shh) are considered as the progenitor cells 
for this urothelial repair on injury  [4]. The Shh expression in 
the basal cells increases on injury to the urothelium, then the 
stromal expression of Wnt protein signals increase and stimu-
late urothelial and stromal cell proliferation. After infection 
by pathogenic Escherichia coli, the proliferative marker Ki67 
increased within 24  h and basal urothelial cells proliferation 
increase to increase the urothelial cell layers, increased exfo-
liation of the infected apical urothelial cells, in which the 
intracellular bacterial communities (IBC) are present.

Histopathology of IC/BPS includes mast cell infiltration, 
suggesting that IC/BPS is mediated by abnormal immune 
system and result in chronic inflammation  [10,37]. There is a 
consensus that the defects in the urothelial integrity play the 
most important role in IC/BPS  [38]. Our previous study has 
also revealed that the chronic suburothelial inflammation might 
contribute to increase of urothelial cell apoptosis  [11]. The 
severity of mast cell infiltration also significantly correlated 
with urothelial cell apoptosis in the IC/BPS bladders  [29]. 
Moreover, further research had shown that the urothelial cell 
apoptosis could involve with up‑regulation of the pro‑inflam-
matory signals, including p38 mitogen‑activated protein kinase 
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and tumor necrosis factor‑α  [25]. The findings from the study 
demonstrate that apoptosis is present in the urothelium of 
patients with recurrent bacterial cystitis and is possibly medi-
ated by the inflammatory pathway. Recently, we also found 
that Hunner ulcer type  IC/BPS bladder urothelium had a 
higher grade of moderate or severe eosinophil infiltration and 
urothelium denudation than those in the nonulcer IC/BPS blad-
ders  [39]. Compared with nonulcer IC/BPS, the E‑cadherin 
expression in the urothelium was significantly lower, and endo-
thelial nitric oxide synthase expression was significantly higher 
in Hunner IC/BPS bladder.

Chronic inflammation in the IC/BPS bladder might affect 
the proliferation ability of these basal cells function, altered 
proliferation rate and result in defective urothelial apical cells 
and barrier function [36]. Similarly, in the bladders of recurrent 
bacterial cystitis, the basal cell proliferative function might also 
be affected. Decrease proliferation of basal cells result in the 
continuing presence of IBC, and recurrent cystitis may ensue 
after cessation of antibiotics treatment  [40]. Improvement of 
basal cell proliferation in diseased bladders such as IC/BPS and 
recurrent bacterial cystitis is crucial to restore normal bladder 
mucosal barrier.

Urothelial dysfunction and chronic 
inflammation are highly prevalent in 
patients with increased bladder sensation 
due to different diseases

In addition to the urothelial dysfunction in IC/BPS, our 
previous studies also revealed that urothelial dysfunction is 
frequently encountered in patients with sensory bladder dys-
function due to bladder outlet obstruction  (BOO), detrusor 
underactivity  (DU), diabetes‑associated overactive bladder, 
recurrent UTI, chronic renal insufficiency, and chronic spinal 
cord injury  (SCI). Increase of urothelial inflammation and 
increased urothelial cell apoptosis seem to have common 
pathophysiology of various lower urinary tract dysfunctions 
(LUTDs) that cause similar bladder symptoms such as fre-
quency urgency and bladder discomfort [41].

In one study of urothelial dysfunction between patients with 
IC/BPS and  overactive bladder (OAB), we have found chronic 
inflammation of urothelium is involved in both patients with 
IC/PBS and OAB. Tight junction protein ZO‑1 and adhesive 
protein E‑cadherin are down‑regulated in IC/PBS, but not in 
OAB, compared with the controls, suggesting that deficiency 
of bladder barrier is involved in the pathophysiology of IC/BPS 
but not OAB. The different urothelial dysfunction also accounts 
for the difference of clinical characteristics between patients 
with IC/PBS and OAB [29]. In patients with DU, the urothelial 
dysfunction increased suburothelial inflammation and altered 
sensory protein expressions in the bladder mucosa were also 
prominent. Impaired urothelial signaling and sensory transduc-
tion pathways are likely to contribute to the pathophysiology of 
DU [42]. In patients with BOO, urothelial dysfunction, increase 
of inflammation and urothelial cell apoptosis, and alterations of 
sensory proteins are also remarkable. Impaired urothelial signal-
ing and sensory transduction pathway might also be involved in 
bladder dysfunction and DU in BOO patients [43].

In patients with diabetes associated OAB, the E‑cadherin 
expression, mast cells count, apoptotic cell level, and ZO‑1 
expression are comparable between patients with and without 
DM. In addition, M3 muscarinic receptors in the OAB blad-
ders with and without DM were significantly higher than that 
in the controls  [44]. We also found that these urothelial dys-
function and impaired barrier function could contribute to the 
pathophysiology of recurrent bacterial cystitis in women. It is 
possible that chronic inflammation might reside in the bladder 
mucosa after antibiotic treatment, which might contribute to 
the continuing urothelial dysfunction and defective barrier 
function. Since the IBC remains and the urothelial exfoliation 
ability is impaired, bacterial cystitis might recur after cease of 
antibiotics in these patients  [28]. Bladder urothelial dysfunc-
tion and chronic inflammation are also noted in patients with 
end‑stage renal disease  (ESRD) or CKD. Increase of chronic 
inflammation markers and defective barrier function are 
prominent in ESRD/CKD bladders with bladder oversensitiv-
ity  [45]. In patients with chronic SCI, decrease of urothelial 
adhesive proteins and junction proteins, and increase of uro-
thelial inflammation and cellular apoptosis have been noted 
in chronic SCI patients with different injured level  [46]. Such 
mechanisms might contribute to the impairment of urothelial 
proliferation and regeneration on urothelial insult such as sur-
gical injury or toxin, and cause SCI patients to have recurrent 
bacterial infections [47].

Chronic stress can exacerbate symptoms of most pain dis-
orders including IC/BPS. In this regard, evidence has shown 
that chronic stress  (animal model) can result in significant 
changes in urothelial “mitochondrial” functions. This can 
impact the barrier function and also signaling which may con-
tribute to bladder dysfunction and pain. Shown is example of 
a cultured urothelial cell and a dye that is associated with the 
mitochondrial membrane potential  (an indicator of mitochon-
drial and cellular health). In the chronic stress urothelial cell, 
this is diminished indicative of alteration in urothelial health 
and function.

Put these findings together, the urothelial dysfunction and 
underlying chronic inflammation might be the down‑stream 
pathogenesis of increased bladder sensation, bladder pain, and 
recurrent UTI in the LUTDs due to the bladder, bladder outlet, 
or systemic diseases. Elimination of chronic inflammation 
might improve urothelial regeneration and differentiation and 
rebuilt the defense mechanism of the diseased bladder.

Inadequate urothelial regeneration 
might be the cause of recurrent bacterial 
cystitis

Recurrent bacterial cystitis is one of the most common 
diseases which annoyed women and is difficult to treat  [48]. 
According to the the International Urogynecological asso-
ciation/International Continence Society joint report on the 
terminology for female pelvic floor dysfunction, women with 
recurrent bacterial cystitis should have at least three symp-
tomatic and clinical diagnosed bacterial cystitis in the past 
12 months. Our previous studies have shown that patients with 
recurrent bacterial cystitis had increased nerve growth factor 
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in urine, suggesting that chronic inflammation is present in 
the bladder after adequate treatment of cystitis [49]. Therefore, 
we suggested that the chronic inflammation raised by bacterial 
cystitis might still reside in the bladder mucosa or submucosa, 
which lead to urothelial dysfunction and subsequent defective 
barrier function. Bacterial cystitis might be easier to recur in 
these patients with persistent and unresolved chronic bladder 
inflammation  [28]. Immunofluorescence staining also showed 
significantly lower E‑cadherin and higher mast cell expression 
in the bladder tissue of recurrent bacterial cystitis in comparison 
with the controls. Urothelial cell apoptosis by TUNEL staining 
also revealed a significantly higher numbers of apoptotic cells 
in the bladder tissue of recurrent bacterial cystitis compared 
with the control bladders. The expressions of tryptase and Bax 
by the western blots also increased in recurrent UTI specimens. 
These findings all suggest that chronic inflammation, urothelial 
cell apoptosis, and impairment of barrier function of urothelial 
cells might contribute to recurrent bacterial cystitis in women.

In bacterial cystitis, the pathogenic E.  coli will form IBC 
in the urothelial cells after antibiotic treatment. In normal 
condition, bacterial infection will stimulate rapid urothelial 
regeneration and differentiation, which increases the exfolia-
tion of the urotheial cells and expels the intracellular bacteria 
cells  [40]. In the women who have impaired urothelial regen-
eration under bacterial infection, this defense mechanism 
might not be adequate, and the bacteria in IBC might invade 
into unshed cells and seed a new acute bacterial infection [9]. 
To eliminate the bacteria hidden in the dysfunctional urothe-
lial cells, improve urothelial regeneration, and differentiation 
is essential by all means.

Electron Microscopy (EM) study and 
immunohistochemistry researches on 
urothelial dysfunction in interstitial 
cystitis/bladder pain syndrome and 
recurrent bacterial cystitis

The urothelial dysfunction has been widely accepted as one 
of the pathogenesis of IC/BPS and become the therapeutic 
target  [50]. Researches have shown the deficiency of mucosal 
glycosaminoglycan resulting in increase of urothelial perme-
ability are the main causes for painful bladder symptoms in 
IC/BPS patients  [20,51]. IHC investigation also revealed the 
cellular tight junction ZO‑1 and adhesive protein E‑cadherin 
were down‑regaulated in the IC/BPS bladders  [29]. In addi-
tion, up‑regulation of purinergic receptor P2 × 3 and increase 
of adenosine triphosphate released from urothelium have been 
found in IC/BPS bladders  [52,53]. Currently, the dysfunction 
of the urothelium has been considered one of the key patho-
geneses of IC/BPS.

Electron microscopy (EM) provides ultrastructural investiga-
tion of the bladder urothelial cells in patients with IC/BPS and 
other bladder disorders for  >40  years  [54]. Deficiency of the 
cellular tight junction, epithelial cell pleomorphism, microvilli 
of the urothelial cell membrane, and mast cells in the IC/BPS 
bladders have been reported in several previous studies [55,56]. 
In our recent EM study, we also found a significant decrease 

of the cell layers and decrease of apical umbrella cells in IC/
BPS urothelium  [34]. Compared with the controls, IC/BPS 
urothelium had significantly more severely deficient urothelial 
cell layers and loss of the integrity of apical umbrella cells 
in  transmission EM (TEM). In scanning EM (SEM), increase 
of umbrella cell pleomorphism and decrease of microplicae of 
the apical cell membrane are noted in IC/BPS bladders, and 
both EM defective features are significantly greater than con-
trols. Patients with urothelial deficiency and impaired umbrella 
cell integrity also had higher degree of bladder pain and 
smaller maximal bladder capacity  (MBC) during cystoscopic 
hydrodistention. Patients with moderate‑to‑severe deficiency 
in microplicae of cell membrane also had significantly lower 
MBC and cystometric bladder capacity.

These EM findings suggest the urothelial dysfunction might 
result from defective umbrella cells coverage and cause more 
severe bladder pain scores in IC/BPS patients.  Loss of apical 
umbrella cells of urothelium results in barrier function deficit, 
leading to influx of the urinary solutes or ionic substances 
across the defective urothelium to the suburothelial tissue, 
and directly elicit bladder pain in IC/BPS patients  [14].  The 
microplicae or ridges in the umbrella cell membrane usually 
become flatten during bladder distension and may play an 
important role in the normal bladder physiology [57]. Decrease 
of microplicae of the apical cell membrane is considered to 
associate with the immature apical cells  (actually, the interme-
diate cells but not umbrella cells) and may restrict the extent 
of bladder distention, causing small  functional bladder capac-
ity (FBC)  and frequency symptom.  In addition, the apical cell 
pleomorphism is also noted on SEM, suggesting the partial 
loss of umbrella cells and were replaced by the immature 
intermediate cells.   The findings of the EM study suggest the 
urothelium deficiency, especially in the loss of mature umbrella 
cells, may play an important role in the pathogenesis of IC/
BPS [Figures 1‑4].

Therapeutic efficacy of platelet‑rich 
plasma on soft tissue regeneration and 
chronic inflammation

Urothelial dysfunction resulting in barrier defects, chronic 
inflammation, increase of urothelial cell apoptosis, nocicep-
tive receptor up‑regulation, mast cell activation, and somatic 
functional syndrome constitute the pathophysiology of IC/
BPS  [25,37]. In the ultrastructural investigation, loss of mature 
apical umbrella cells and defects of the cellular junction proteins 
are the fundamental urothelial dysfunction of IC/BPS [34]. With 
persistent suburothelial inflammation, the increased urothelial 
cell apoptosis and decreased cell proliferation result in impaired 
mucosal integrity and increased urothelial permeability, and 
causing bladder irritative symptoms  [11]. These pathophysiolo-
gies of IC/BPS might result from impaired regenerative ability 
of the urothelial cells. If the progenitor cell regeneration can be 
improved, the bladder urothelial barrier might be rebuilt and IC/
BPS symptoms might also be eliminated.

Platelet‑rich plasma  (PRP) has been previously used in 
many medical aspects as a regenerative medicine therapy [58]. 
PRP is rich in several kinds of growth factors, including 
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platelet‑derived growth factor, epidermal growth factor  (EGF), 
and transforming growth factor, the injured tissue cells will 
increase the rate of proliferation and differentiation with 
these growth factors and repair the tissue defects, leading to 
early wound healing  [59]. PRP also secrets several kinds of 
cytokines that can initiate a new inflammatory process and 
facilitate the resolution of the unsolved inflammation, resulting 
in eliminating the neurogenic pain caused by the previous old 
inflammation [60].

In addition to hemostasis and thrombosis, platelets might 
also modulate tissue inflammation, cell regeneration, and 
promote wound healing  [61]. PRP had been used in the treat-
ment of osteoarthritis through modulation of inflammation 
by releasing platelet‑related growth factors  [62]. In addition, 
PRP has also been demonstrated to promote cell prolifera-
tion and skeletal muscle cells migration in  vitro  [63]. In SCI 
rats, PRP had also been used to promote tissue angiogen-
esis and neuron regeneration  [64]. In drug‑resistant bacterial 
infected wound, PRP had been shown to improve the healing 
process  [65]. Through the increase of vascular endothelial 

growth factor (VEGF), PRP has been found to effectively treat 
avascular necrosis of the femoral head in rabbits [66].

Biologically active molecules can be released from activated 
platelets during the wound healing process. The rationale for 
using PRP in treating IC/BPS is the ease of obtaining material, 
the concentration of PRP, and delivering of bioactive molecules 
into the bladder wall  [59]. Recent research has demonstrated 
that PRP can act as an immunomodulator of the inflammatory 
response. Platelet releasing growth factors can promote tissue 
angiogenesis, increase blood flow, and improve oxygenation 
in the wound  [67]. PRP also contains small amount of stem 
that might also contribute to the wound healing process  [68]. 
The macrophages and neutrophils recruited by the platelets 
may also play important roles in modulating the inflamma-
tion as well as infection  [68]. Platelet‑recruited macrophages 
and neutrophils play important roles in inducing the neural 
hypersensitivity of the wound, then switching to an anti‑inflam-
matory phenotype and release anti‑inflammatory factors  [69]. 
In cyclophosphamide‑induced hemorrhage rat model, intravesi-
cal instillation of PRP has been shown to increase the mitotic 
index and decreased bladder bleeding, suggesting that PRP 
can improve cell proliferation and urothelial deficiency due to 
chemical cystitis  [70]. However, the histological study did not 
show significant histological changes in single PRP treated rat 
bladders  [71]. The histological changes in effectively treated 
cystitis model might still occur after repeated PRP treatments.

In addition, PRP has been shown to eliminate the refrac-
tory neuropathic pain through the platelet releasing factors 
which initiate the wound healing process  [60]. The effect of 
PRP on neuropathic pain might start from inducing a new 
inflammation in the wound healing process, followed by tissue 
remodeling, axon regeneration, and finally result in the elimi-
nation of neuropathic pain and facilitating wound healing [60]. 
IC/BPS is a condition of inflammation and urothelial defects. 
We might consider the bladder dysfunction in IC/BPS is an 

Figure 3: The normal tight junction (a) and defective tight junction in interstitial 
cystitis/bladder pain syndrome bladder urothelium (b)

ba

Figure 2: The normal (a, arrows) and defective (b: *) structure of uroplakins on the umbrella cell surface, and normal fusiform vesicles in control bladder urothelium (c)

cba

Figure 1: (a) Normal urothelial cell composition in the control bladder, and (b) defective urothelium and (c) loss of normal cell integrity in the interstitial cystitis/bladder 
pain syndrome bladder

cba
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unresolved wound healing process and the defective urothe-
lium as a wound to induce bladder pain, PRP administration 
into the bladder urothelium could initiate and complete the 
wound healing process, produce a new inflammation, lead to 
the relief of neurogenic pain. Put together, the activated PRP 
might induce a locally new inflammation which may override 
the unsolved inflammatory, promote wound healing process, 
and increase tissue regeneration.

The EGF can be produced by the injured urothelial cells to 
promote cell proliferation and tissue regeneration in the urothe-
lium [72]. Sustained release of fibroblast growth factor 2 from 
a bladder acellular matrix can promote VEGF production and 
improve tissue angiogenesis in the graft  [73]. Autologous PRP 
has been widely applied to treat soft tissue injury and promote 
wound healing  [59]. Platelet‑released factors can promote 
angiogenesis and increase blood flow and oxygenation in the 
wound  [67]. PRP also contains small amount of mesenchy-
mal stem cells that may have contribution to wound healing 
process  [68]. It is possible that adding PRP into the suburo-
thelium and release of growth factors might promote urothelial 
regeneration and repair of the defective urothelium, therefore, 
the urothelial dysfunction in IC/BPS and recurrent bacterial 
cystitis could be gradually improved.

Potential therapeutic efficacy of 
platelet‑rich plasma on treatment of 
recurrent bacterial cystitis

The urothelium provides a barrier between urine and the 
underlying bladder submucosa so that the urinary solutes and 
toxins cannot penetrate into the circulation  [74]. To prevent 
urine leak in, the bladder urothelium secrets mucus containing 
highly anionic polysaccharide components including glycosam-
noglycans, which are extremely hydrophilic and form a barrier 
at the interface between urine and the bladder  [13]. The highly 
impermeable urothelium serves as the key barrier for the bladder 
interstitium. Under several conditions such as trauma, infection 
or irradiation, the urothelial barrier might be disrupted and result 
in a cascade of events in the bladder and lead to bladder irrita-
tive symptoms. Intravesical instillation of solution containing 
potassium may depolarize suburothelial nerves and muscles and 
provoke bladder inflammation and tissue injury  [75]. Previous 
studies have shown that IC/BPS, irradiation cystitis, and bacte-
rial cystitis have a positive potassium chloride sensitivity test 
and cause symptoms of bladder pain [74]. Conditions that cause 
mucus deficiency and urothelial dysfunction are likely to be the 
pathogenesis for the painful bladder syndrome [76].

Recurrent bacterial cystitis is commonly occurred in 
women. Deficiency of the mucosal barrier and specific factors 
of uropathogenic bacteria must be present before the bac-
teria adherence to the urothelium and causing an infection. 
Uropathogenic E.  coli  (UPEC) adherence to the bladder uro-
thelium can induce a rapid apoptosis and exfoliation of the 
terminally differentiated urothelial apical cells. Expression of 
Upk III is essential in the UPEC‑induced urothelial cell death 
and enhanced urothelial cell differentiation  [77]. Currently, 
there is no definite prophylactic method to prevent recurrent 
bacterial cystitis in women except continuous antibiotics treat-
ment. Recurrent bacterial cystitis is also commonly seen in 
patients with IC/PBS and chemical cystitis such as by ketamine 
or chemotherapeutic agents. Recent studies found the most 
common finding in the bladder of IC/PBS and ketamine cysti-
tis is denudation of the bladder urothelium, suggesting altered 
regulation of the urothelial homeostasis might contribute to 
the bladder diseases  [10,78,79]. It is possible that the denuded 
urothelium provides a chance for UPEC to adhere on the uro-
thelium, and there induce recurrent bacterial cystitis in IC/PBS 
or ketamine cystitis bladder.

The binding of UPEC to the urothelial mucosal surface 
is an important initial event for bacterial cystitis because the 
bacteria can adhere on the urothelial surface without being 
removed by the micturition. The Upk Ia serves as the recep-
tor on the urothelium for the adherence of Type  1‑fimbriated 
E. coli. The binding of UPEC to Upk Ia may play the key role 
in mediating the urothelial responses to bacterial adherence and 
invasion  [80]. The UPEC in IBC within the bladder urotheial 
cells might be persistent as a quiescent or semi‑quiescent state 
regardless of multiple antibiotic treatments  [81]. To eradicate 
these IBC, increase urothelial proliferation, differentiation and 
maturation to facilitate exfoliation of the most superficial uro-
thelial cells that contain IBC is essential. Treatment based on 
multiple antibiotics might not be adequate in expelling these 
UPEC in IBC. In this consideration, intravesical PRP injec-
tions might play an important role, especially in the women 
who are old, frail, immune compromised and having systemic 
or bladder diseases that interfere normal urothelial regeneration 
under previous bacterial invasion.

Potential therapeutic efficacy of 
platelet‑rich plasma on treatment of 
interstitial cystitis/bladder pain syndrome

Urothelial dysfunction resulting in barrier deficiency, 
increased of urothelial cell apoptosis, nociceptive receptors 
up‑regulation, and neurogenic inflammation  [25]. Under EM 
study, loss of apical umbrella cells and defective tight junction 
are considered the main urothelial dysfunction in IC/BPS [34]. 
These histopathological changes of the urothelium result in 
impaired integrity of the urolthelial cell lining and increase 
bladder wall permeability  [11]. Treatment to improve the uro-
thelial progenitor cells regeneration may improve the urothelial 
barrier function and improve bladder symptoms in IC/BPS.

The animal study revealed intravesical instillation of PRP 
in rabbit bladders treated with hydrochloride could protect 
the bladder wall from hemorrhagic cystitis  [70]. The average 

Figure 4: The defective umbrella cell coverage in interstitial cystitis/bladder pain 
syndrome bladder urothelium
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mitotic and proliferative indices were observed to increase 
in PRP treated bladders. The mitotic index is a sign of tissue 
regeneration. Direct contact of PRP with the damaged urothe-
lium, initiate cell proliferations above basement membrane and 
protect the urothelium. Recently, a pilot study was performed 
to test whether PRP can effectively treat IC/BPS patients and 
improve bladder pain symptoms. Four monthly PRP injections 
were given to 20 IC/BPS patients and we found the bladder 
pain VAS score decreased in about 70% of patients  [82]. All 
patients completed the trial and no adverse event was reported. 
This successful pilot study encourages us to go further. It is 
likely that this novel treatment provide therapeutic benefit to 
IC/BPS patients who are refractory to conventional therapies.

In a recently published clinical trial using 4  monthly PRP 
intravesical injections to treat refractory IC/BPS patients, we 
also demonstrated a high success rate. Forty patients com-
pleted the four PRP injections and the post‑treatment visits. 
GRA improved was reported after the 1st  PRP treatment and 
the satisfaction to treatment persists up to 3  months after the 
4th  PRP treatment  [83]. The success rate was 45% at 1st, 52% 
at 2nd, 70% at 3rd, and 70% at 4th PRP injection, and 67.5% at 
3  months after the 4th  PRP injection. The IC symptom score, 
including O’Leary Sant symptom score and visual analog pain 
score also significantly improved after PRP treatment. The 
postvoid residual did not increase after PRP treatment, the 
FBC increased, and the daily frequency and nocturia episodes 
recorded in 3‑day voiding diary all decreased after PRP treat-
ments. During the treatment and follow‑up periods, no patient 
reported difficulty in urination and all were free of UTI. This 
study has demonstrated that PRP injections could provide an 
alternative therapy for IC/BPS patients who have failed con-
ventional therapies. The treatment is effective and also safe. 
The disadvantage is the need for anesthesia during PRP 
injection.

Other therapeutic potential of 
platelet‑rich plasma on treatment of 
inflammatory bladder disorders

In addition to recurrent bacterial cystitis and IC/BPS, there 
are several bladder inflammatory disorders that the bladder uro-
thelium might also have deficient regenerative ability. Patients 
with radiation cystitis, ketamine cystitis, CKD and end‑stage 
renal disease, and chronic cystitis due to systemic autoim-
mune diseases such as systemic lupus erythematosus, Sjögren’s 
syndrome, and chemical cystitis after systemic chemotherapy 
might also have LUTS refractory to OAB medication or non-
steroid anti‑inflammatory drugs. The urothelium of bladder 
disorders also showed increase of chronic inflammation and 
deficient junction and barrier protein expressions  [41,45]. If 
chronic inflammation can result in defective bladder urothelial 
regeneration, PRP injections to the urothelium of these bladder 
disorders might provide beneficial therapeutic effects.

However, although PRP has been widely applied in treat-
ment of different local inflammatory diseases, there has been 
no standard preparation for a good quality of PRP solution for 
different aspects of regenerative therapy [84]. The most popular 
and standard procedure for PRP preparation is an initial soft 

spin to obtain the platelet‑containing plasma, followed by 
a hard spin to obtain the platelet pellets. However, several 
conditions during PRP preparation such as temperature, leu-
kocyte, and plasma volume which might influence therapeutic 
results have not been well determined. One recent investiga-
tion showed that adding saline instead of plasma (which might 
contain anti‑platelet factors) to the platelet pellets improved the 
therapeutic efficacy on the wound healing and angiogenesis 
in an animal model  [58]. In future investigation of the thera-
peutic potentials of PRP on lower urinary tract disorders, it is 
mandatory to search for the best concentration for the optimal 
therapeutic results, especially in patients with IC/BPS and 
recurrent bacterial cystitis.

Conclusions
Evidence reveals that the urothelial regeneration and dif-

ferentiation are insufficient in IC/BPS and recurrent bacterial 
cystitis. Chronic inflammation may induce urothelial dysfunc-
tion and further affect the regenerative ability of the diseased 
bladder urothelium. Intravesical injection of PRP is safe and 
effective to decrease bladder inflammation, reverse the uro-
thelial dysfunction to a normal condition. Clinical evidences 
have shown that PRP injections can improve symptoms and 
decrease of urinary inflammatory proteins in IC/BPS. In future 
perspectives, PRP might also have therapeutic potentials on 
several bladder disorders that are caused by defective urothe-
lial regenerative function and urothelial cell differentiation, 
such as recurrent bacterial cystitis, radiation cystitis, chemical 
cystitis as well as bladder disorders due to systemic diseases.
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